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Description 

BACKGROUND OF THE INVENTION : 

5 The present invention relates to radiation-curable primary coatings for optical fibers and to optical fibers containing 

such coatings. 

Until recently, the optical fiber industry was concentrated on so-called "long haul" applications, wherein optical fib- 
ers were used to traverse long distances such as in transoceanic or transcontinental cables. In such applications, opti- 
cal fbers required shielding with voluminous protective cabling material in sheltered subterranean or submarine 
10 environments and thus were not directly exposed to environmental hazards. 

A recent trend in the optical fiber market is in local area networks for fiber-to-the-home uses. The fibers in such 
uses are directly exposed to much harsher conditions than previous applications of glass fibers, including severe tem- 
perature and humidity extremes. Consequently, previously used coatings did not perform well under such adverse con- 
ditions; hence, a need existed for the development of higher performance coatings. Such coatings needed to be able to 
is withstand the above conditions, i.e., to possess thermal, oxidative and hydrolytic stability, and to protect the fiber over 
the long term, i.e., over twenty-five years' time. 

Optical fbers used for light transmission can be prepared which, immediately after drawing, are exceptionally 
strong and have very few intrinsic defects. However, such pristine fibers are very easily flawed by exposure to environ- 
mental conditions including dust and moisture. Even a small flaw can reduce the strength of a fiber by an order of mag- 
20 nitude, rendering it brittle and easily broken by a weak external forces. Therefore, optical glass fibers have, in the prior 
art, been clad with at least one resin coat immediately after their preparation, whose minimum requirement is to protect 
the underlying pristine fiber from such external forces. 

Typically, at least two coatings, a primary, or buffer, coating and a secondary coating, have been used. The inner, 
or primary, coating is applied directly to the glass fiber and, when cured, forms a soft, rubbery, compliant material which 
25 serves as a buffer to cushion and protect the fiber by relieving the stresses created when the fiber is bent, cabled or 
spooled. Such stress might otherwise induce microbending of the fibers and cause attenuation of the light traveling 
through them, resulting in inefficient signal transmission. The secondary coating is applied over the primary coating, 
and must function as a hard, tough protective outer layer preventing damage to the glass fiber during processing and 
use. 

30 

PRIMARY COATING 

Certain characteristics are desirable for the primary coating, and others for the secondary coating. For example, 
the primary coating must maintain adequate adhesion to the glass fiber during thermal and hydrolytic aging, yet be 

35 strippable therefrom for splicing purposes. The tensile modulus of the primary coating must be low to cushion and pro- 
tect the fiber by readily relieving the stresses on the fiber which can induce microbending and consequent inefficient 
signal transmission. This cushioning effect must be maintained through the temperature range in which the fibers may 
be exposed throughout their lifetime. Thus, it is necessary for the primary coating to have a low glass transition temper- 
ature (Tg). This low glass transition temperature will ensure that the coating remains in its rubbery state throughout the 

40 possible use temperature range. 

The primary coating should also have a relatively high refractive index, i.e., greater than that of the cladding mate- 
rial of the fiber to be coated. This high refractive index allows for a refractive index differential between the glass clad- 
ding and the primary coating. This differential allows errant light signals to be refracted away from the glass core. 
Another requisite quality of the primary (buffer) coating is resistance to moisture. Moisture will rapidly degrade the 

45 strength of the coating itself as well as the underlying glass fbers under stress. The reaction is one of hydrolysis and 
stress corrosion. Moisture will also adversely affect the adhesion of the primary (buffer) coating to the glass, resulting 
in possible delamination. It is therefore desirable for the coating to be as hydrophobic as possible. Preferably, the pri- 
mary coating should have a water absorption value of less than 5% by weight, and more preferably less than 2.5% by 
weight. 

50 

SECONDARY COATING 

Similarly, the secondary coating must have a number of essential and optimal qualities. The secondary coating 
must function as a hard protective layer which allows the fiber not to be damaged during its processing and use. Con- 
55 sequently, this secondary coating should have a relatively high glass transition temperature (Tg), i.e., about 50°C, and 
a high tensile modulus, i.e., about 689 MPa (1 00,000 psi) at 25°C. It is desirable for the secondary coating to have a Tg 
higher than its highest use temperature, because at or near the Tg of a polymer, many physical properties such as mod- 
ulus, tensile strength, thermal expansion coefficient, moisture absorptivity, and so forth, change dramatically with small 
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changes in temperature. This results in large changes in the fiber characteristics. 

Furthermore, like the primary coating, the secondary coating should undergo minimal changes in physical proper- 
ties on exposure to moisture. Many polymeric coating materials experience significant hydrolysis, plasticization, soften- 
ing, and loss of protective function in the presence of water. Therefore, it is desirable that the secondary coating should 
s also be as hydrophobic as possible. A hydrophobic secondary coating also enhances the ability of the primary coating 
to keep water away from the glass fiber itself, and thus inhibits moisture induced hydrolysis and stress corrosion of the 
glass fiber. 

Also, the secondary coating must have a high refractive index, i.e., preferably higher than that of the cladding mate- 
rial of the glass fiber, to enable it to strip out errant light, as with the primary coating, especially in embodiments where 
10 the primary coating is omitted. 

Another important property of secondary coatings is the coefficient of friction (COF). A low COF facilitates winding 
and unwinding of the fibers on spools. It also allows the fibers to slide easily along each other in a cable structure, thus 
relieving stress. However, if the COF is too low, the fibers will have a reduced tendency to stay aligned on the spool. 
The COF is largely determined by the cure properties of the secondary coating; if the coating has a good hard surface 
is cure, its COF will tend to be low. Various slip additives can be added to lower the COF; however, deleterious effects 
such as surface tension problems, contamination, volatilization and blooming may result from their use. 

PESIRABLE FEAT URES F QR BQTH CQATINQg 

20 Still other desirable properties exist which apply to both the primary and secondary coatings. For example, fiber 
manufacturers are motivated to coat the fibers as rapidly as possible to attain the economy of faster cure speeds, as 
these result in higher line speeds. The cure speeds of coating materials may be determined by constructing a U V dose 
versus modulus curve. The lowest UV dose at which the coating modulus exhibits dose independence is considered its 
cure speed. There is therefore a demand for faster curing coatings; for example, high line speeds are obtained with pri- 

25 mary and secondary coatings which may be applied wet-on-wet and simultaneously ultraviolet light-cured. One way of 
doing this is described in U.S. Patent 4,474,830, issued October 2, 1984 to Carl R. Taylor, which patent is expressly 
incorporated herein by reference. 

According to this patent, an optical fiber is passed through a coating applicator comprising first and second dies. 
The first die confines a first coating liquid over a portion of the fiber's length. A second coating liquid is applied onto the 

30 fiber through a clearance between the first and second dies. The clearance is sufficiently small so that substantially no 
recirculation of the second coating liquid occurs in the vicinity of the point of application to the fiber. The second coating 
liquid is preferably applied at a free surface; that is, it is not in contact with either the first or second dies in the immediate 
vicinity of the point of application to the fiber. Additional coatings can be applied in a similar manner. 

Another desirable objective for both primary and secondary UV-curable coatings is to minimize the amount of 

35 unbound material in the coating after cure. Even when the cured coatings are considered 100% solids, there may still 
exist a small amount of material which does not chemically bind into the polymer network on curing. Examples of such 
materials used in the coatings include unreacted monomer, unreacted photoinitiator, certain non-functional additives 
and so forth. The presence of excessive amounts of such materials is undesirable, inasmuch as volatilization of such 
components over time may change the physical properties of the coating. For example, volatile materials from the pri- 

40 mary coating may permeate into the secondary coating, tending to ptasticize it and resulting in strength loss. Also, vol- 
atile materials may cause production of unpleasant odors. 

Still other important qualities of both optical fiber coatings are viscosity and shelf Irfe. Good shelf life is considered 
formulation stability of at least six to twelve months. Viscosity can typically be somewhat adjusted by regulation of the 
temperature at which the coatings are applied. However, it is advantageous to set the viscosity high enough so as to 

45 maintain proper rheology and handling of the coating on application, but low enough to facilitate bubble release and to 
minimize the amount of heat needed in the preparation. Excessive heating is undesirable inasmuch as it may result in 
premature gelling or viscosity increase due to possible thermal initiation of polymerization. 

PRIOR ART COATINGS 

so 

Various single or double layer fiber coatings exist in the prior art. Among these are epoxy- or urethane-based res- 
ins. However, many of these resins cure slowly; have poor hydrophobicity or poor hydrolytic, thermal and oxidative sta- 
bility; and have undesirable yellowing properties. 

There have also been developed primary (buffer) coatings which cure on exposure to ultraviolet radiation. Such 
55 prior art primary coatings, however, have conventionally not been very moisture resistant and have some of the same 
deficiencies as above. 

To obviate these flaws, the primary-coated optical fibers of the prior art have been topcoated with a tough and flex- 
ible overcoat which possesses superior resistance to moisture abrasion. Prior art coatings have included extruded 
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nylon "jacket" coatings, which are, however, more expensive and more difficult to apply than would be an ultraviolet- 
cured coating. 

Therefore, the present invention seeks to provide primary coatings which, when cured, have maximal thermal, oxi- 
dative and hydrolytic stability, wherein the primary coating is adequately adherent to the glass fiber yet strippable there- 
5 from; provides adequate cushioning of the fber; has a relatively low glass transition temperature; and is capable of 
relieving stress upon the fiber. 

The coating can be formulated for wet-on-wet application, with simultaneous radiation curing at commercially accepta- 
ble cure speeds. 

In U.S. Serial No. 742,531 , filed August 8, 1991 , which was a continuation of U.S. Serial No. 350,239. filed May 1 1 , 
10 1 989, which is the parent application of this application, coating compositions prepared from acrylate- or methacrylate- 
based components and having excellent properties vis-a-vis the above characteristics were disclosed. That application 
discloses acrylate-modified primary and secondary coatings, the primary coating including an acrylated urethane oli- 
gomer; an alkyl acrylate monomer; a refractive index modifier; an adhesion promoter; and a photoinitiator. The second- 
ary coating includes an acrylated urethane oligomer based on a polyester; a (meth)acrylated compound; and a 
is photoinitiator. 

WO 90/13523 discloses a liquid, radiation-cured coating composition for producing coatings on glass surfaces 
which contains 56 to 89% by weight of at least one diethylenic-unsatu rated poiyurethane, 3 to 30% by weight of at least 
one ethylenic-unsaturated monomer, 0.5 to 8% by weight of at least one photoinitiator and 0.05 to 6% by weight of an 
alkoxysilane. 

20 WO 92/04388 teaches optical fibre coatings prepared from compositions containing a vinyl ether oligomer pre- 
pared by reacting a hydroxyl-terminated polyester or polyether, a diisocyanate and a hydroxy monovinyl ether, with 
mono or multifunctional vinyl ether terminated monomers, which may be derived from esters or alcohols. 

EP- A-0336653 describes optical fibre coatings with a low glass transition temperature which are prepared from acr- 
ylated urethane oligomers having a molecular weight of 2,000 to 6,000, an aliphatic monofunctional acrylate or mono- 

25 functional aryl-containing acrylate having glass transition temperatures below -20°C, a photoinitiator and, optionally, a 
crosslinking acrylate ester having at least two acrylate or methacrylate groups per molecule and having a molecular 
weight less than 4,000. 

SUMMARY OF THE INVENTION 

30 

It has now been discovered that it is the functional backbones of these components, rather than their end groups, 
that confer the excellent properties upon the compositions of the parent application. Thus, systems analogous to the 
acrylate- or methacrylate-based compositions of the parent application, but bearing any reactive end groups, are 
equally suitable in meeting these requirements. These applications are expressly incorporated by reference herein. 

35 The present invention therefore addresses analogous systems incorporating various other exemplary end groups 
capable of reacting upon irradiation or other means, either by free radical initiation or cation ic cure, to provide excellent 
performance coatings. Such end groups include, but are by no means limited to, free radical systems such as thiolene 
systems (based on the reaction of multifunctional thiols and unsaturated polyenes, such as vinyl ethers; vinyl sulfides; 
allylic ethers; and bicyclic enes); amine-ene systems (based on the reaction of multifunctional amines and unsaturated 

40 polyenes); acetylenic systems; systems wherein the reactive portion of the component is internal rather than terminal; 
other vinylic (e.g., styrenic) systems; acrylamide systems; allylic systems; itaconate systems and crotonate systems; 
and cationic cure systems such as onium salt-induced vinyl ether systems and epoxy-terminated systems which react 
by ring-opening; and any others based on compounds possessing reactive termini. In fact, virtually any end groups 
which cure by irradiation or other means but do not adversely effect the desirable properties (i.e., the oxidative, thermal 

45 and hydrolytic stability and the moisture resistance) of the cured composition are envisioned. 

Another contribution of the present invention over that of the parent application is the discovery that two of the com- 
ponents said in the parent application to be required are, in some circumstances, optional. 

One of these components is a silane adhesion promoter, which, it has now been discovered, is not required in mod- 
erate- or low-temperature, low-humidity environments. 

so Also, a photoinitiator is, in some instances, optional; for instance, when electron beam cure of a free radical system 
is envisioned, a photoinitiator may be omitted. 

Accordingly, in preferred embodiments of the invention, a broad spectrum of radiation-curable primary coatings for 
optical fibers has been provided. The primary coatings have refractive indices greater than those of their fiber sub- 
strates, and relatively low glass transition temperatures and tensile moduli (i.e., less than about -20°C and less than 

55 about 3.44 MPa (500 psi) at 25°C, respectively). An optical fiber coated with the primary coatings of the present inven- 
tion, has also been developed. 

The radiation-curable primary coating for an optical fiber of the present invention comprises : 
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(A) from about 10 percent to about 90 percent by weight of a reactively terminated urethane oligomer which is the 
reaction product of (i) a hydrocarbon polyol, the hydrocarbon portion of which is from about 500 to about 4,000 
molecular weight; (ii) an aliphatic polyisocyanate; and (iii) an endcapping monomer capable of supplying a reactive 
terminus; 

5 

(B) from about 10 percent to about 90 percent by weight of a hydrocarbon monomer containing between 6 and 20 
carbon atoms which is terminated with at least one end group capable of reacting with the reactive terminus of (A); - 

(C) optionally, from about 0.05 percent to about 10.0 percent by weight of a photoinitiator; and 

10 

(G)from 5% to 60% by weight of a monomer or oligomer selected from the group consisting of polyalkylene glycol 
nonylphenyl ether acrylates, polyalkylene glycol nonylphenyl ether methacrylates, and mixtures thereof, 

all of the above stated percentages by weight for the primary coating being based on the total weight of (A), (B) and (C). 
15 Preferably, the hydrocarbon polyol portion of the oligomer (A) has a molecular weight in the range of about 600 to 
about 4,000. 

The primary coating may optionally contain other materials, such as: a crosslinking agent; an organofunctional 
silane adhesion promoter; a chain transfer agent, preferably a mercapto-functional chain transfer agent; and at least 
one stabilizer. 

20 A coated optical fiber and process for preparing a coated optical fiber have been developed. In one embodiment, 
the process comprises sequentially applying to an optical fiber a primary coating layer as described above, a secondary 
coating layer and radiation-curing the coating layers. 

The coating compositions of the invention are also useful for other coating and protective purposes. They can be 
formulated to be useful on glass, ceramic, granite, and marble surfaces, and the like. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention relates in part to radiation-curable primary coatings for optical fibers. The optical fibers which are 
coated may comprise a glass core and a glass cladding layer. The core, for example, may comprise silica doped with 
30 oxides of germanium or phosphorus and the cladding, a pure or doped silicate such as fluorosilicate. Alternatively, the 
fibers may comprise a polymer-clad silica glass core. Examples of such polymer claddings include organosiloxanes 
such as polydimethylsiloxane or a fluorinated acrylic polymer. 

The primary coating should have, inter alia , the following properties when cured: moisture resistance; ease of appli- 
cation and stripping; low volatiles content; low tensile modulus over the life of the fiber; low glass transition temperature; 
35 and long shelf life. 

The coating should be transparent; nonmalodorous; fast curing; and remain adherent, even upon aging in high heat 
and humidity environments. 

The present invention involves the recognition that it is the backbone portions of the essential (and optional) ingre- 
dients of the composition that confer the excellent performance properties upon the composition, and that any end 

40 groups meeting certain requirements may be used in formulating the various components of the present invention. It is 
merely required that the components contain end groups which react upon exposure to irradiation or other initiation, i.e., 
where the components contain at least one terminus or group that is capable of reacting with a terminus or group of 
other components. Trie reactive groups, when cured, must produce a composition which is stable with respect to ther- 
mal, hydroiytic and oxidative stresses to which the cured composition may be subjected. 

45 Additionally, while the end groups must react to cure well upon exposure to irradiation or other initiation, they should 
not be so reactive as to cure prematurely, so that, if desired, a "one package" system would be unfeasible. 

While not desiring to be limitative, two broad classes of systems which meet these criterion are discussed and 
exemplified herein. One such system is a free radical initiated system, many examples of which are well known in the 
art and several types of which will be exemplified below. 

so A second system is a cationic cure-type system, wherein reactive acids are generated in the presence of ultraviolet 
light. Such cationic curing systems are known in the art and are generally disclosed, for example, in U.S. Patent 
3,981.987 and 4,981.881 to J. Crivello, assigned to General Electric Corporation and herein expressly incorporated by 
reference. 

Again, however, these systems represent only nonlimitative examples of chemistries which are suitable for use in 
55 the present invention; any system which does not compromise the qualities of the cured composition may be used. Fur- 
thermore, "hybrid" compositions containing mixtures of different reactive systems may be used, so long as their mixture 
does not interfere with the cure of either system, and their mixture does not adversely effect the cured composition. 
Examples of free radical systems include, but are not limited to, acrylate- and methacrylate-based systems; thio- 
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lene-based systems; all-allylic systems; other vinylic (e.g., styrenic) norbornenyl systems; systems; acrylamide sys- 
tems; rtaconate systems; crotonate systems; amine-ene systems; acetylenic systems; and internally reactive systems. 

One preferred free radical system other than (meth)acrylate which is exemplified herein is a thiolene system, which 
involves the reaction of a mercaptan (thiol) with a polyene, wherein the two components are reacted in stoichiometric 
5 proportion. 

The polyene component of the thiolene system may, theoretically, be any component containing a reactive, unsatu- 
rated group, most desirably attached to an electron-rich atom or group. Thus, a preferred polyene is a polyfunctional 
vinyl ether; other suitable groups include but are not limited to allylic ethers; vinyl sulfides; styrenes; acrylamides and 
acetylenes. 

10 Another suitable class of compound includes bicyclic enes such as norbornene carboxylate (the reaction product 
of cyclopentadiene and acrylate), although their ester functionality may compromise hydrolytic stability. 

With respect to the thiol (mercaptan) component, primary thiols containing 6 to 18 carbon atoms, and preferably 8 
to 1 6 carbon atoms, such as 1 , 1 O-decane dithiol, or any linear, cyclic or branched hydrocarbon thiol containing from one 
to four thiol groups may be used. Primary thiols are preferred, inasmuch as they are most reactive, followed by second- 
15 ary, and, finally, the least reactive tertiary thiols. 

Alternatively, even higher reactivity is achieved when the sulfur atom of the mercaptan is in the vicinity of a carbonyl 
group, e.g., mercaptoacetate or mercaptopropionate, although hydrolytic stability may be impaired, due to the presence 
of the ester group. 

As mentioned, supra, an alternative system is a cationic curing system. Such systems require an onium salt, e.g., 
20 iodonium, sulfonium, arsonium, azonium, bromonium, or selenonium, which salt generates cations on exposure to 
ultraviolet light. Such onium salts are desirably modified by bonding thereto saturated hydrocarbon moieties, to improve 
their compatibility with the very hydrophobic components of the composition. Nonlimitative examples of such cationic 
curing reactive groups include vinyl ethers (wherein all reactive components are vinyl ether terminated); and epoxy ter- 
minated systems which react by ring opening (e.g., between cyclohexene oxide and oxirane or between glycidyl esters). 

25 

THE PRIMARY (BUFFER) COATING 

The primary coating composition of the present invention contains four basic ingredients, (A), (B), (C) and (G). 
30 A. The Hvdrocarbon-Based Oligomer 

The first ingredient is a specific hydrocarbon-based oligomer (A). This component comprises from about 1 0 percent 
to about 90 percent by weight of the composition base on the total weight of the (A), (B) and (C) ingredients of the com- 
position. Preferably, this oligomer comprises from about 15 percent to about 85 percent, and more preferably about 20 
35 percent to about 80 percent by weight of the composition, based on total weight of the (A) through (C) ingredients. 

The particular hydrocarbon-based oligomer used in the present invention was chosen to impart good thermal, oxi- 
dative and hydrolytic stability to the cured system. 

It has been known in the art that various types of UV-curable oligomers exist which may yield a soft, compliant, low 
glass transition temperature-type coating. Acrylate-or methacrylate-terminated monomers are particularly commonly 
40 used due to their ease of cure upon ultraviolet radiation. One system known in the art is acrylate-endcapped polybuta- 
diene-type rubber or rubber-modified acrylated monomers as base resins. While these systems have excellent low tem- 
perature properties and are suitably hydrophobic, their internal carbon-carbon double bonds (unsaturation) make them 
susceptible to oxidation over a long period of time. 

It is also known in the art to employ acrylated silicones as base resins in such compositions. While these have good 
45 low temperature properties and hydrophobicity, they are difficult to formulate with a suitably high refractive index, tend 
to have poor thermal stability, and may be susceptible to hydrogen outgassing which can lead to signal attenuation in 
fibers so coated. 

Yet another system known in the art involves the use of acrylated fluorocarbons. While these are suitably hydro- 
phobic and thermally stable, they are typically incompatible with most non-halogenated organic compounds. Addrtion- 

so ally, they are very expensive relative to other systems. 

To overcome many of the disadvantages of the prior art systems, the primary coating of the present invention uti- 
lizes a urethane system based on an hydrogenated polybutadiene backbone. In general, urethane acrylate systems 
based on polyethers or polyesters were usually characterized by poor water resistance and by thermal instability. Addi- 
tionally, known urethane oligomers based on aromatic isocyanates displayed thermal instability and tended to yellow. 

55 While polyether-based urethane acrylates have excellent low Tg properties, they are, when used alone, generally not 
hydrophobic enough for optical f foer applications and are susceptible to oxidation. Polyester-based urethane acrylates 
have good thermal stability but are susceptible to hydrolysis. Furthermore, it has now been found that other end groups 
besides acrylate and methacrylate which are capable of supplying a reactive terminus to the reactants are also very 
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suitable for the purpose of this invention. 

Thus, the primary coating of the present invention uses an oligomer which, in combination with the other compo- 
nents of the composition, obviates many of the above problems. 

The oligomer (A) utilized in the primary coating of the present invention is the reaction product of (i) a hydrocarbon 

s polyol, the hydrocarbon portion of which is from about 500 to about 4,000 molecular weight; (ii) an aliphatic polyisocy- 
anate; and (iii) an endcapping monomer capable of supplying a reactive terminus. 

The hydrocarbon polyol (i) is provided by a linear or branched hydrocarbon containing a plurality of hydroxyl end 
groups, and providing a hydrocarbon backbone to the oligomer. The hydrocarbon portion is from about 500 to about 
4,000 molecular weight, and preferably about 600 to about 4,000 molecular weight. Molecular weight in this case is 

10 determined by gel permeation chromotography (GPC), using a methylene chloride solvent, as measured against poly- 
styrene molecular weight standards. By "hydrocarbon" is meant a non-aromatic compound containing a majority of 
methylene groups (-CH 2 -) and which may contain internal unsaturation and/or pendant unsaturation. Fully saturated 
(i.e., hydrogenated) hydrocarbons are preferred because the long term stability of the cured optical fiber coating 
increases as the degree of unsaturation decreases. Suitable hydrocarbon polyols include but are not limited to hydroxyl- 

15 terminated, fully or partially hydrogenated 1 ,2-poiybutadiene polyol; 1 ,2-polybutadiene polyol hydrogenated to an iodine 
number of from 9 to 21; fully or partially hydrogenated polyisobutylene polyol; polybutene polyol; hydrogenated dimer 
diols; mixtures thereof, and the like. Preferably, the hydrocarbon polyol is substantially fully hydrogenated, and thus a 
preferred polyol is hydrogenated 1 ,2-polybutadiene. 

The polyisocyanate component (ii) is non -aromatic. Oligomers based on aromatic polyisocyanates effect yellowing 

20 in the cured coating. Non-aromatic polyisocyanates of from 4 to 20 carbon atoms may be employed. Suitable saturated 
aliphatic polyisocyanates include but are not limited to isophorone diisocyanate; dicyclohexylmethane^.^-diisocy- 
anate; 1 ,4-tetramethylene diisocyanate; 1 ,5-pentamethylene diisocyanate; 1 ,6-hexamethylene diisocyanate; 1,7-hep- 
tamethylene diisocyanate; 1,8-octamethylene diisocyanate; 1,9-nonamethylene diisocyanate; 1,10-decamethylene 
diisocyanate; 2,2, 4-tri methyl- 1,5-pentamethylene diisocyanate; 2,2'-dimethyl-1 ,5-pentamethylene diisocyanate; 3- 

25 methoxy-1 ,6-hexamethylene diisocyanate; 3 -butoxy-1 ,6-hexamethylene diisocyanate; omega, omega'-dipropyl ether 
diisocyanate; 1 ,4-cyclohexyl diisocyanate; 1 ,3-cyclohexyl diisocyanate; trimethylhexamethylene diisocyanate; and mix- 
tures thereof. Isophorone diisocyanate is a preferred aliphatic polyisocyanate. 

The reaction rate between the hydroxyl -terminated hydrocarbon and the diisocyanate may be increased by use of 
a catalyst in the amount of 100 to 200 ppm. Suitable catalysts include but are not limited to dibutyl tin dilaurate. dibutyl 

30 tin oxide, dibutyl tin di-2-hexoate, stannous oleate, stannous octoate, lead octoate, ferrous acetoacetate, and amines 
such as triethylamine, diethylmethylamine, triethylenediamine, dimethyl- ethylamine, morpholine, N-ethyl morpholine, 
piperazine, N,N-dimethyl benzylamine, N,N-dimethyl laurylamine, and mixtures thereof. A preferred catalyst is dibutyl 
tin dilaurate. 

The endcapping monomer (iii) is one which is capable of supplying at least one reactive terminus. 
35 An exemplary end group conforms to the formula 
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HO- 



45 

wherein R 5 is selected from the group consisting of acrylic, methacrylic, vinylic, al lytic, styrenic, acrylamide, nor- 
bornenyl, acetylenic, epoxy, mercapto. amino, itaconic and crotonic; R 3 and R 4 are independently selected from the 
group consisting of hydrogen, methyl, ethyl or propyl; m is an integer from 1 to 10, and p is 0 or 1 . 

Examples of compounds which may be used for the endcapping monomer include but are not limited to acrylates, 

so methacrylates, vinyl ethers, vinyl sulfides, allyls, bicyclic enes, mercaptans, acetylenes, epoxides, amines, styrenes, 
acrylamides, and so forth. Suitable hydroxyl-terminated compounds which may be used as the endcapping monomer 
include but are not limited to hydroxyethyl acrylate; hydroxyethyl methacrylate; hydroxypropyl acrylate; hydroxypropyl 
methacrylate; hydroxybutyl acrylate; hydroxybutyl methacrylate; allyl ether; hydroxyethyl vinyl ether; hydroxypropyl vinyl 
ether; hydroxybutyl vinyl ether; hydroxyethyl mercaptan; hydroxypropyl mercaptan; hydroxyethyl-3-mercaptopropion- 

55 ate; and hydroxypropyl-3-mercaptopropionate. 

In an acrylate based system, a preferred endcapping monomer is hydroxyethyl acrylate or hydroxyethyl methacrylate. 
In a thiolene or in a cationic cure system, a preferred end-capping monomer is hydroxybutyl vinyl ether or, in the thiolene 
system, hydroxypropyl mercaptan. 
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The molar ratio of the polyol, diisocyanate and endcapping monomer is preferably approximately 1 :2:2. 
A preferred oligomer is based on the formula 

s XOCNHR 2 NHCOR^-OCNHR 2 NHCOQ 




10 

where 

R 1 is a linear or branched hydrocarbon polymer of from 500 to 4,000 (preferably 600 to 4,000) molecular weight 
selected from the group consisting of fully or partially hydrogenated 1 ,2-polybutadiene; 1 ,2-polybutadiene hydro- 
15 genated to an iodine number of from 9 to 21 ; fully or partially hydrogenated polyisobutylene; polybutene; and hydro- 
genated dimers; 

R 2 is a linear, branched or cyclic alkylene of from six to twenty carbon atoms; and 
X and Q are independently either 

20 (a) a radical of the formula: 



25 




30 wherein R 5 , m and p have the same meaning as above, or 

(b) a saturated alkyl radical of from nine to twenty carbon atoms, with the proviso that the above oligomer must 
possess at least one reactive terminal (end) group. 

An especially preferred monomer is one in which R 5 is acrylic or methacrylic; this oligomer is disclosed in U.S. Pat- 
35 ent 4,786,586 to Lee et al., which patent is herein incorporated by reference. 

The above<lescribed oligomer is particularly suitable because its saturated hydrocarbon backbone gives the oli- 
gomer suitable hydrophobicity and thermal, oxidative and hydrolytic stability. The glass transition temperature of the oli- 
gomer is approximately -20°C and may be lowered by blending with additives, discussed infra. 

The primary coating containing this oligomer has a water absorption value of less than 5% by weight, and prefera- 
40 bly less than 2.5%. 

Another particularly preferred oligomer is the vinyl ether analog or mercapto analog of the above oligomer, i.e., 
where R 5 is either vinylic or thiol, respectively. This oligomer also confers excellent thermal, oxidative and hydrolytic sta- 
bility and hydrophobicity to a cured coating which includes it. 

45 B. The Hydrocarbon Monomer 

The second essential component of the composition of the primary coating composition is a hydrocarbon monomer 
which is terminated with at least one end group capable of reacting with the reactive terminus of (A). The hydrocarbon 
portion (moiety) of the monomer has between 6 and 20 carbon atoms, and preferably between 8 and 18. This monomer 
so (B) may be either straight chained, branched or cyclic. This component comprises from about 10 percent to about 90 
percent by weight of the composition, based upon the total weight of the (A), (B) and (C) ingredients of the composition. 
Preferably, it comprises from about 1 5 percent to about 85 percent, and more preferably from about 20 percent to about 
80 percent by weight of the composition, based upon the total weight of the components (A), (B), and (C). 

This second component is one having one or more end groups capable of reacting with the reactive terminus of (A). 
55 Thus, for example, in an acrylate system, the component might be acrylate-or methacrylate-terminated; in a thiolene 
system, vinyl ether-or mercaptan -terminated; and in a cationic cure system, vinyl ether-terminated. 

The monomer is selected to be one that is compatible with the very hydrophobic oligomer discussed above. It is 
also chosen to be one which is soft-curing and which has a low Tg, thus lowering the Tg of the composition including 
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it. Suitable examples of such monomers include but are not limited to acrylates and methacrylates such as hexyi acr- 
ylate; hexyl methacrylate; 2-ethylhexyl acrylate; 2-ethylhexyl methacrylate; isooctyl acryiate; isooctyl methacrylate; 
octyl acrylate; octyl methacrylate; decyl acrylate; decyl methacrylate; isodecyt acrylate; isodecyl methacrylate; lauryl 
acrylate; lauryl methacrylate; tridecyl acrylate; tridecyl methacrylate; palmitic acrylate; palmitic methacrylate; stearyl 

5 acrylate; stearyl methacrylate; C 14 to C 15 hydrocarbon diol diacrylates; C 14 to C 15 hydrocarbon diol dimethacrylates; 
primary C 6 to C 18 hydrocarbon-based dithiols such as 1 ,10-decane dithiol; secondary or tertiary dithiols (which are less 
reactive than the primary thiols); C 6 to C 18 thiolated esters such as mercaptoacetate esters or mercaptopropionate 
esters (which are desirably reactive but which may lack in long-term hydrolytic stability) ; C 4 to C<\ 8 hydrocarbon diol divi- 
nyl ethers such as hexanediol divinylether; lauryl vinyl ether; ethylhexyl vinyl ether; isodecyl vinyl ether; butanediol divi- 

w nyl ether; cyclohexanedimethanol divinyl ether; mixtures of C 14 and C 15 diol di vinyl ethers; and mixtures of the above. 
Preferred alkyl acrylate monomers include stearyl acrylate, lauryl acrylate and isodecyl acrylate. A particularly pre- 
ferred one is lauryl acrylate. Preferred other hydrocarbon monomers include the C 10 dithiol, 1 ,10-decane dithiol, and 
the divinyl ether, hexanediol divinyl ether. 

The monomer should be used in a quantity sufficient to adjust the total primary coating composition to a viscosity 

is in the range of about 2,000 cps (centipoises) to 10,000 cps, measured by a Brookfield viscometer, model LVT, spindle 
speed of 6 rpm, spindle number 34, at 25°C. 

C. ThQ PhQtpinitiatQr 

20 A third, optional, ingredient of the primary coating composition is a photoinitiator (C). In free radical systems, the 
photoinitiator is only required when ultraviolet radiation-cure is envisioned; in other embodiments, such as, for example, 
if electron beam cure of a free radical system is to be effected, the photoinitiator may be omitted. In cationically cured 
systems, however, a photoinitiator is required even when electron beam cure is to be effected. 

The photoinitiator, when used in a small but effective amount to promote radiation cure, must provide reasonable 

25 cure speed without causing premature gelation of the composition. Further, it must not interfere with the optical clarity 
of the cured optical coating. Still further, the photoinitiator must itself be thermally stable, non-yellowing and efficient. 
The type of photoinitiator which is used will be dependent on whether a free radical -type system or a cationic cure type- 
system is used. 

Suitable free radical-type photo initiators include but are not limited to the following: hydroxycyclohexylphenyl 
30 ketone; hydroxymethylphenylpropanone; dimethoxyphenylacetophenone; 2-methyl-1-[4-(methyl thio)phenyl] -2-mor- 
pholinopropanone-1 ; 1 -(4-isopropylphenyl)-2-hydroxy-2-methylpropan-1 -one; 1 -(4-dodecylphenyl)-2-hydroxy-2-meth- 
ylpropan-1-one; 4-(2-hydroxyethyoxy)phenyl-2(2-hydroxy-2-propyl)ketone;diethoxyphenyl acetophenone; and mixtures 
of these. 

Suitable cationic cure-type photoinitiators include but are not limited to onium salts such as iodonium, sulfonium, 
35 arsonium, azonium, bromonium or selenonium, which are preferably chemically modified to render them more hydro- 
phobic, e.g., by incorporating saturated hydrocarbon moieties such as alkyl or alkoxy substituents of from about 4 to 
about 18 carbon atoms. Particularly preferred cationic cure initiators include but are not limited to (4-octyloxyphenyl) 
phenyl iodonium hexafluoro antimonate; (4-octyloxyphenyl) diphenyl sulfonium hexafluoro antimonate; (4-decyloxyphe- 
nyl) phenyl iodonium hexafluoro antimonate; and (4-octadecyloxyphenyl) phenyl iodonium hexafluoro antimonate. 
40 The photoinitiator, when used, preferably comprises from about 0.05 percent to about 1 0.0 percent by weight of the 
composition, based upon the total composition of the (A) through (C) ingredients. Preferably, the amount of photoinitia- 
tor is from about 0.2 percent to about 8.0 percent, and more preferably about 0.3 percent to about 7.0 percent by weight, 
based upon total weight of (A) (B) and (C) ingredients. Generally, cationic cured embodiments require lower amounts 
of photoinitiator than do free radical embodiments. 
45 A particularly preferred free radical -type photoinitiator is hydroxycyclohexylphenyl ketone, and a particularly pre- 
ferred cationic cure-type initiator is (4-octyloxyphenyl) phenyl iodonium hexafluoro antimonate. The photoinitiator 
should be chosen such that a cure speed, as measured in a dose versus modulus curve, of less than 1 .0 J/cm 2 , and 
preferably less than 0.5 J/cm 2 , is required, when the photoinitiator is used in the designated amount. 

so D. The Optional Crosslinking Agent 

Another optional ingredient is a crosslinking agent (D), which may be used in thiolene-type systems. This agent is 
typically a polyene or a polythiol which is capable of helping to coreact a multifunctional system. An example of a suit- 
able crosslinking agent is trimethylol ethane trivinyl ether. When used, the crosslinking agent comprises from about 1 
55 percent to about 50 percent by weight, and preferably from about 5 percent to about 30 percent by weight of the com- 
position, based on the total weight of the (A), (B) and (C) components. 
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E. The Optional Stabilizer 

To improve shelf life (storage stability) of the uncured coating, as well as to increase thermal and oxidative stability 
of the cured coating, one or more stabilizers may optionally be included in the composition. Examples of suitable stabi- 

5 lizers include but are not limited to tertiary amines such as diethylethanolamine, diethyl hydroxy! amine, and trihexy- 
lamine; hindered amines; organic phosphites; hindered phenols; mixtures thereof; and the like. Some particular 
examples of antioxidants which can be used include but are not limited to octadecyl-a-fS'.S'-di-tert-butyl-A'- hydroxyphe- 
nyl) propionate; thiodiethylene bis (3,5«Ji-tert-butyl-4-hydroxy) hydrocinnamate; butylated paracresol-dicydopentadi- 
ene copolymer; and tetrakis [methylene (3.5-di-tert-butyl-4-hydroxyhydrocinnamate)] methane. Additionally, certain 

10 silanes may be used in very small quantities, e.g., as low as about 0.0001 percent to about 0.01 percent by weight, as 
stabilizers. One example of a suitable silane stabilizer is 3-aminopropyltrimethoxy silane. 

When a stabilizer is used, it may be incorporated in an amount from about 0.0001 percent to about 3.0 percent by 
weight, based on the weight of the (A) through (C) ingredients. Preferably, it is included in the range from about 0.25 
percent to about 2.0 percent by weight, and more preferably in the range from about 0.5 percent to about 1.5 percent 

is by weight, based on the total weight of the (A) through (C) ingredients. Desirable properties of a stabilizer include (1) 
non-migration (probably enhanced by low polarity and high molecular weight) and (2) basicity (to allow it to help in neu- 
tralizing residual acid which might prematurely initiate polymerization). Preferred stabilizers are octadecyl-3-(3\5'-di- 
tert-butyl-4'-hydroxyphenyl) propionate and trihexylamine. 

20 F. The Optional Adhesion Promoter 

Another optional ingredient is an adhesion promoter (F). Adhesion becomes a particularly pertinent problem in high 
humidity and high temperature environments, where delamination is more of a risk. Accordingly, in low humidity, low 
temperature situations (i.e., below about 50% relative humidity and about 25°C), the adhesion promoter is not required. 

25 although it may be required under conditions of higher humidity and higher temperature. 

It is known in the art to use either acid-functional materials or organofu notional silanes to promote adhesion of res- 
ins to glass. While acid-functional materials are operative in some embodiments, organo-functional silanes are pre- 
ferred. Acid-functional materials are less preferred because of their possible corrosivity towards the materials; their 
reactivity with certain systems (e.g., amin-enes); and their tendency to lose their adhesion properties on exposure to 

30 moisture. Silanes tend to be much more suitable in terms of these factors and, therefore, are the adhesion promoters 
of choice. Additionally, it is useful to have an adhesion promoter having a functionality which binds in with the system 
during cure, to maximize its adhesion promotion as well as to minimize the quantities of unbound volatiles. It is neces- 
sary to select a silane which does not react adversely with the chemistry of the system (e.g., ami no-functional silanes 
in cationically cured systems) . 

35 Various suitable organofunctional silanes include but are not limited to amino-functional silanes; acrylamido-func- 
tional silanes; mercapto-functional silanes; al I yl -functional silanes; vinyl-functional silanes; methacrylate-fu notional 
silanes; and acrylate-functional silanes. The adhesion promoters preferably are methoxy-or ethoxy-substituted as well. 

Preferred organofunctional silanes include but are not limited to mercaptoalkyl trialkoxy silane, methacryloxyalkyl 
trialkoxy silane, aminoalkyl trialkoxy silane, vinyl trialkoxy silane, mixtures thereof, and the like. 

40 The silane is, of course, chosen to be reactive with the rest of the system. Methacrylated silanes are desirable, 
when they are chosen to bind in well with the cured system, but tend to slow the cure speed of the system. The mer- 
capto-functional adhesion promoters also chemically bind in during cure in many systems, but do not appreciably slow 
down the cure speed of the system. However, when mercapto-functional adhesion promoters are used in thiolene sys- 
tems, it is necessary to adjust the stoichiometry of the polyene component accordingly. Allyl-functional and vinyl-func- 

45 tional silanes are also desirable when they are chosen to bind in well with the system used. 

Some preferred organofunctional silanes that enhance adhesion in humid conditions include 3-aminopropyl tri- 
ethoxy silane, 3-methacryloxy-propyltrimethoxy silane, gamma-mercaptopropyl trimethoxy silane, gamma-mercapto- 
propyl (gamma-mercaptopropyl) triethoxy silane, beta-(3,4-epoxycyclohexyl) ethyl trimethoxy silane, gamma- 
glycidoxypropyl trimethoxy silane, 3-vinylthiopropyl trimethoxy silane, vinyl-tris-(beta-methoxyethoxy) silane, vinyl triac- 

so etoxy silane, and mixtures thereof. A particularly preferred adhesion promoter is gamma-mercaptopropyl trimethoxy 
silane. 

The silane component, when used, should be incorporated into the composition in a small but effective amount to 
enhance the adhesion of the composition to the surface of an inorganic substrate, which in this embodiment, is glass, 
and in other embodiments, is glass, enamel, marble, granite or the like. The silane component, when used, comprises 
55 from about 0.1 percent to about 3.0 percent by weight of the composition, based on total weight of the ingredients (A), 
(B) and (C). Preferably, the silane comprises from about 0.2 percent to about 2.0 percent, and more preferably from 
about 0.3 percent to about 1 .0 percent, based on the total weight of the oligomer, hydrocarbon monomer, and photoin- 
itiator. 
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G. The Monomer Or Oligomer Containi ng An Aromatic Moietv 

A further ingredient is a monomer or oligomer (G) which is capable of adjusting the refractive index of the compo- 
sition. The refractive index of the formulation, in any case, should be 1 .48 or higher. The monomer or oligomer contains 
5 at least (1) an aromatic moiety, (2) a moiety providing a reactive terminus, and (3) a hydrocarbon moiety. This com- 
pound is used in an amount effective for its stated purpose not in excess of about 60 percent by weight and comprises 
from 5 percent to 60 percent by weight, preferably, from about 1 0 percent to about 40 percent by weight and more pref- 
erably from about 15 percent to about 30 percent by weight of the composition, based upon total weight of the ingredi- 
ents (A), (B) and (C). 

10 The monomer or oligomer is used to increase the refractive index for the reasons specified above. The aromatic 
moiety of the monomer or oligomer (B) is itself capable of raising the refractive index; however, the hydrocarbon moiety 
is required to increase the compatibility of this monomer with the hydrocarbon-based oligomer (A). The moiety contain- 
ing the reactive terminus renders the compound compatible with the system as a whole, inasmuch as it has an available 
reactive group which allows it to crosslink with the rest of the composition upon ultraviolet curing, thus minimizing the 

is volatiles content of the cured system. 

Samples of aromatic monomers or oligomers additionally containing hydrocarbon character and a reactive group 
include but are not limited to polyalkylene glycol nonylphenylether acrylates such as polyethylene glycol nonylphe- 
nylether acrylate or polypropylene glycol nonylphenylether acrylate; polyalkylene glycol nonylphenylether methacr- 
ylates such as polyethylene glycol nonylphenylether methacrylate or polypropylene glycol nonylphenylether 

20 methacrylate; and mixtures of these. Refractive index modifiers containing termini other than acrylate or methacrylate 
are also suitable, so long as the terminus of this ingredient is coreactive with the rest of the system. 

In each case, the phenyl group serves to increase the refractive index of the coating and the nonyi component 
renders the composition somewhat more hydrophobic and. therefore, compatible with the hydrophobic oligomer (A). 
The refractive index of the composition including this monomer or oligomer is higher than that of the composition com- 

25 prising only (A), (B) and (C). A suitable primary coating composition should, again, have a refractive index of greater 
than or equal to about 1 .48. 

The refractive index of the primary coating must be higher than that of the cladding of the fiber. If the fibers coated 
with the coating composition of the present invention are down-doped, i.e., contain dopants which lower the refractive 
index of the fiber itself, the refractive index of the coating will be different enough from that of the fiber so that errant 
30 signals will be refracted away even without the incorporation of this component. Therefore, in such embodiments, the 
monomer or oligomer (G) is not essential to the composition. 

H. Optional Chain Transfer Agents 

35 Various other optional components may be used in the primary coating beyond the (A) through (G) components 
which are required or optional and which are described above. For example, optional chain transfer agents (H) may be 
used to control the modulus and glass transition temperature of the coating in acrylate or methacrylate systems. One 
way known in the art to control the molecular weight and, consequently, the modulus and glass transition temperature 
of a polymerization product is to use one or more chain transfer agents. It is postulated that the addition of a chain trans- 

40 fer agent to a formulation lowers the molecular weight of a polymer produced and results in a lower modulus, lower 
glass transition temperature coating. 

Preferred chain transfer agents which may be used in acrylate or methacrylate systems are mercapto compounds, 
optionally having a hydrocarbon chain of at least eight carbon atoms. Examples of suitable mercapto chain transfer 
agents include methyl thioglycolate; methyl-3-mercaptopropionate; ethyl thioglycolate; butyl thioglycolate; butyl-3-mer- 

45 captopropionate; isooctyl thioglycolate; isooctyl-3-mercaptopropionate; isodecyl thioglycolate; isodecyl-3-mercaptopro- 
pionate; dodecyl thioglycolate; dodecyl-3-mercaptopropionate; octadecyl thioglycolate; and octadecyl-3- 
mercaptopropionate. Parathiocresol; thioglycolic acid; and 3-mercaptopropionic acid may also be used, but may display 
some incompatibility with the resin and may produce odor problems. 

A particularly preferred chain transfer agent is octadecyl-3-mercaptopropionate (ODMP). 

so The chain transfer agent may, if used, comprise from about 0.1 percent to about 10.0 percent by weight of the com- 
position based upon the total weight of ingredients (A) through (C). Preferably, the chain transfer agent comprises from 
about 0.25 percent to about 5.0 percent by weight, and still more preferably from about 0.5 percent to about 4.0 percent 
by weight based on the total weight of the (A), (B) and (C) components. A suitable chain transfer agent, when incorpo- 
rated at about a 1 .0 percent by weight level, lowers the glass transition temperature of the composition by about 3°C, 

55 lowers the modulus by about 689 kPa (1 00 psi), and apparently increases the adhesion of the coating to the glass f toer. 
When greater than about 2.0 percent by weight of the chain transfer agent is incorporated in the composition, the mod- 
ulus and glass transition temperature of the composition are desirably lowered, but the shelf life is reduced somewhat. 
One preferred primary composition for coating an optical fiber, then, comprises the following: 
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(A) from about 45 percent to about 65 percent by weight of an aliphatic urethane acrylate oligomer having as a 
backbone an hydrogenated 1 ,2-polybutadiene polymer; 

(B) from about 10 percent to about 20 percent by weight of lauryl acrylate; 

(C) from about 15 percent to about 30 percent by weight of polypropylene glycol nonytphenyl ether acrylate; 

(D) from about 0.3 percent to about 1 .0 percent by weight of gamma mercaptopropyl trimethoxy silane adhesion 
promoter; 

(E) from about 2.0 percent to about 7.0 percent by weight of hydroxycyclohexylphenyl ketone photoinitiator; 

(F) from about 0.5 percent to about 4.0 percent by weight of octadecyl-3-mercaptopropionate, a chain transfer 
agent; and 

(G) from about 0.5 percent to about 1.5 percent by weight of octadecyl S-^S'-di-tert-butyW'-hydroxyphenyl) pro- 
pionate, wherein all of the stated percentages are pecentages by weight, based upon total weight of (A) through 
(E), inclusive. 

PREPARATION OF A COATED OPTICAL FIBER 

The invention also relates to a process for preparing a coated optical fiber. The process comprises (i) applying to 
an optical glass fiber a primary coating layer comprising 

(A) from about 10 percent to about 90 percent by weight, based upon total weight of (A), (B) and (C). of a reactively 
terminated urethane oligomer which is the reaction product of (i) a hydrocarbon polyol, the hydrocarbon portion of 
which has a molecular weight of from about 500 to about 4,000 (and preferably about 600 to 4,000); (ii) an aliphatic 
polyisocyanate; and (iii) an endcapping monomer capable of supplying a reactive terminus; 

(B) from about 10 percent to about 90 percent by weight, based upon total weight of (A), (B) and (C), of a hydro- 
carbon monomer having 6 to 20 carbon atoms in its alkyl moiety and which is terminated with at least one end 
group capable of reacting with the reactive terminus of (A); 

(C) optionally, from about 0.05 percent to about 10.0 percent by weight, based upon total weight of (A), (B) and (C), 
of a photoinitiator; and 

(G) from 5% to 60% by weight of a monomer or oligomer selected from the group consisting of polyaikylene glycol 
nonylphenyl ether acrylates, polyaikylene glycol nonylphenyl ether methacrylates, and mixtures thereof; 

(ii) applying atop said primary coating layer a secondary coating layer; 

(iii) radiation-curing jnsjtu said primary and secondary coating layers, e.g., by ultraviolet irradiation. 

The primary and/or secondary coatings may be applied and cured by any method known in the art. A preferred 
method, whereby two coatings are applied wet-on-wet, is disclosed in U.S. Patent 4,474,830 to C. Taylor or AT&T Bell 
Laboratories. The coating or coatings may then be cured in situ, preferably by ultraviolet irradiation, to obtain a cured 
polymeric coating. Alternatively, the primary coating may be applied and cured, after which the secondary coating may 
be applied and cured. 

COATED OPTICAL FIBERS OF THE INVENTION 

The invention further relates to optical fibers, and especially to glass optical fibers, that are coated with the primary 
coating of the invention alone, or coated with both the primary coating and a secondary coating. These coatings may 
be prepared from reactively terminated materials that are radiation-curable and are radiation-cured in situ subsequent 
to application on glass fiber. 

The primary coating surrounding the fiber forms a cured polymeric material preferably having a glass transition 
temperature (Tg) of no more than about -20°C and more preferably lower, i.e., about -30°C, or even lower. 

The cured secondary coating should have a relatively high Tg, generally approximately 50°C, and a high tensile 
modulus, i.e., above 276 MPa (40,000 psi) and preferably about 689 MPa (100,000 psi). ft is desirable for the secondary 
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coating to have a Tg higher than its highest use temperature. This is because at or near the Tg of the polymer, the phys- 
ical properties change dramatically with small changes in temperature. 

When cured, the coatings of the invention confer extraordinary thermal, hydrolytic and oxidative stability to the fiber 
and relieve stress thereon. Optical fibers having applied thereto the primary coatings of the invention and a secondary 

5 coating are highly moisture resistant and otherwise protected from environmental damage. 

The coating compositions of the present invention have been disclosed hereinabove for use as optical fiber coat- 
ings. However, it is to be understood that these coatings may be used in any embodiment wherein stable, moisture 
resistant coatings are desired, especially for coating the surface of an optically useful article. For example, the coatings 
may be used for such diverse end uses as coating sheet glass (i.e., in the preparation of safety glass) to coating vinyl 

10 materials (e.g., in preparing no-wax floors). Other optically useful articles which may be prepared include, but are not 
limited to, photoswitches, photorelay devices, microelectronic devices, photocoupling devices, and so forth. 

EXAMPLES 

15 The following Examples serve to further illustrate the invention. In these Examples and elsewhere throughout this 
application, all parts and percentages are by weight, on a dry solids basis, and all temperatures are in degrees centi- 
grade unless expressly stated to be otherwise. In all of the examples, cure speeds were measured with an International 
Light IL 745-A radiometer with model A309 light bug. Unlike elsewhere in the application, where percentage by weight 
referred to the total weight of either the (A) through (C) ingredients for the primary coating, parts by weight in the Exam- 

20 pies refers to the total composition described in that Example, including all components. The optional ingredients are 
identified by an asterisk (*) in the Examples. The other components are essential for use, if the exemplified coating is 
to meet the rigorous requirements for a commercially acceptable coating for optical glass fiber. It should be noted that, 
although the photoinitiator is identified as optional in the specification, it is, in fact, required in any system cured by ultra- 
violet irradiation, and therefore is not denoted as optional in such Examples. It should also be noted that, unless other- 

25 wise indicated, throughout the Examples and the remainder of this application, "modulus'* refers to 2.5% tensile 
modulus, measured using an Instron tensile tester. 

Example I 

30 Primary Coating for Optical Fibers 

An ultraviolet-curable, primary coating composition was made up as follows: 



35 


Ingredient 


Parts by Weight 




aliphatic urethane acrylate oligomer with saturated hydrocarbon backbone (A) 


55.00 




lauryl acrylate (B) 


14.50 


40 


hydroxycyclohexyl phenyl ketone photoinitiator (C) 


6.00 


octytdecyl-a^S'.S'-di-tert-butyW-hydroxy) hydrocinnamate stabilizer (E)* 


1.50 




octadecyl-3-mercaptopropionate chain transfer agent (H)* 


2.75 




gamma-mercaptopropyl trimethoxy silane adhesion promoter (F)* 


0.75 


45 


polypropylene glycol nonylphenyl ether acrylate (G) 


19.50 



The viscosity of the uncured coating was 4.005 Pas (4005 cps) (at 25°C using a Brookfield viscometer, model LVT, 
6 rpm, #34 spindle). 

so A 0. 152mm (six mil) coating of this composition was applied to a flat glass sheet using a Bird applicator and cured 
in air at 0.7 J/cm 2 using a 7.87 watts per mm (200 watts per inch) medium pressure mercury vapor lamp. 

The cured primary coating which resulted had a glass transition temperature of about -39.6°C, and a cured film 
refractive index of 1.492. The effect of temperature on 2.5% tensile modulus was as follows: 25°C: 1.05 MPa (153.0 
psi); 0°C: 1.16 MPa (167.8 psi); -20°C: 5.96 MPa (864.7 psi); -40°C: 343 MPa (49.807 psi); -60°C 1371 MPa (199,018 
55 psi). The cure speed, as determined by a modulus versus dose curve, was determined to be about 0.3 J/cm 2 . 

Water absorption of the sample was measured as follows. The cured film was equilibrated at 50% (±5%) relative 
humidity and 23°C (±2%) for 48 hours. The sample was weighed and a weight "A" recorded, the sample was then 
soaked for 24 hours at 25°C in distilled water, then patted dry and weighed. This weight was recorded as "B". The sam- 
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pie was next placed in a vacuum oven under 1.33 kPa (10mm Hg) pressure at 25°C for 24 hours, removed, and again 
equilibrated at 50% (±5%) relative humidity at 23°C (±2°C) for 48 hours and weighed. This third weight was recorded 
as "C". Percent water absorption measured as 

§£ X 100% 
A 



was about 1.48%. 

10 Other samples of this 6 mil thick coating were tested as follows to determine the effect of accelerated aging on var- 
ious properties. The samples were equilibrated at 50% (±5%) relative humidity and 23°C (±2°C) for 48 hours and then 
placed on clips and hung in an environmental chamber under the following accelerated aging conditions: 

(1) 125°Cfor7days; 
is (2)93.3°Cfor 10 days; 

(3) 93.3°C for 30 days; 

(4) 93.3°C, 95% relative humidity, for 10 days; and 

(5) 93.3°C, 95% relative humidity, for 30 days. 

20 After the designated time period, the samples were removed and again equilibrated for 48 hours. The following proper- 
ties were recorded. These data indicate excellent stability against thermal and hydrolytic stress. 
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125°C,7days 


93.3°C, 10 days 


93.3°C, 30 days 


93.3°C. 95% rela- 
tive humidity, 1 0 
days 


93.3°C, 95% rela- 
tive humidity, 30 
days 




weight change 


-7.68% 


-6.71% 


-6.98% 


-0.71% 


-1.62% 




Tg midpoint 


-34.6°C 


-34.6°C 


-36.6°C 


-35.5°C 


-36.6°C | 


30 


Instron (tensile) 
modulus change 
(at 25°C) 


+33.1% 


+39.4% 


+37.9% 


+27.9% 


+19.5% 



35 Example ll 

Another Primary Coating for Optical Fiber 

An ultraviolet radiation-curable primary coating was made up as follows: 

40 



Ingredient 


Parts by Weight 


aliphatic urethane acrylate oligomer with saturated hydrocarbon backbone (A) 


56.00 


isodecyl acrylate (B) 


11.75 


hydroxymethylphenyl-propanone photoinitiator (C) 


6.00 


thiodiethylene bis (3.5-di-tert-butyl-4-hydroxy) hydrocinnamate stabilizer (E)* 


0.50 


gamma mercaptopropyl trimethoxy silane adhesion promoter (F)* 


0.75 


polyethylene glycol nonylphenyl ether acrylate (G) 


25.00 



The above formulation used several different ingredients, and somewhat different proportions, than were used in 
55 Example I. This formulation has a viscosity of 5.65 Pas (5650 cps) at 25°C using a Brookfield viscometer, model LVT, 6 
rpm, #34 spindle, and a refractive index of 1 .4849 at 21 .8°C. When coated onto a glass plate in the same manner as in 
Example I and cured in air at 0.7 J/cm 2 under a medium pressure 7.87 watts per mm (200 watts per inch) mercury vapor 
lamp, the resultant 0.152 mm (6 mil) thickness coating had a tensile modulus of 2.04 MPa (295.8 psi), a Tg of -28.7°C, 
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good adhesion to glass and low water absorption (2 r 02%). The coating performed well in high humidity and dry accel- 
erated aging tests. 

Example III 

A Further Primary Coating for Optical Fiber 

The following primary coating was formulated: 



Ingredient 


Parts by Weight 


aliphatic urethane acrylate oligomer with saturated hydrocarbon backbone (A) 


56.00 


octyl/decyl acrylate (B) 


11.75 


hydroxymethylphenyl-propanone photoinitiator (C) 


6.00 


thiodiethylene bis (3', S'-di-tert-butyW-hydroxy) hydrocinnamate stabilizer (E)* 


0.50 


gamma mercaptopropyl trimethoxy silane adhesion promoter (F)* 


0.75 


polyethylene glycol nonylphenylether acrylate (lower MW polyethylene glycol than that of Exam- 
ple II) (G) 


25.00 



This formulation demonstrated the use of alternate (B) and (C) materials. This formulation had a viscosity of 3.89 * . 
Pas (3890 cps) at 25°C using a Brookfield viscometer, model LVT, spindle #34, 6 rpm. When applied to a glass plate as 
in Example I and cured in air at 0.7 J/cm 2 under 7.87 watts per mm (200 watts per inch) medium pressure mercury 
vapor lamp, it had a tensile modulus of 1.90 MPa (276.0 psi), good adhesion to glass, and low water absorption 
(1.89%). 

Example IV 

Another Primary Coating for Optical Fibers 

The following primary coating was formulated: 



Ingredient 


Parts by Weight 


aliphatic urethane acrylate oligomer with saturated hydrocarbon backbone (A) 


64.00 


isodecyl acrylate (B) 


20.50 


hydroxymethylphenyl-propanone photoinitiator (C) 


6.00 


thiodiethylene bis (3\ 5'-di-tert-butyl-4'-hydroxy) hydrocinnamate stabilizer (E)* 


0.50 


gamma mercaptopropyl trimethoxy silane adhesion promoter (F)* 


0.35 


polyethylene glycol nonylphenylether acrylate (same MW as in Example III) (G) 


8.00 


isooctyl-3-mercaptopropionate chain transfer agent (H)* 


0.65 



This formulation demonstrated the use of different proportions of ingredients, the use of an alternate chain transfer 
agent, and the use of a low concentration of the component (G) to adjust the refractive index. The formulation had a 
viscosity of 5.95 Pas (5950 cps) at 25°C using a Brookfield viscometer, model LVT, 6 rpm, #34 spindle, and a refractive 
index of 1.4796 at 21.5°C. When applied to a glass sheet as a 0.152 mm (6 mil) coating as in Example I and cured in 
air at 0.7 J/cm 2 under a medium pressure 7.87 watts per mm (200 watts per inch) mercury vapor lamp, it had a tensile 
modulus of 1 .93 MPa (280 psi), a Tg of -31 .2°C, good adhesion to glass, and low water absorption (1 .41 %). 



15 



EP 0 565 798 B1 # 

Example V 

A Slower Curing Primary Coating for Optical Fibers 
5 A radiation curable primary coating was formulated as follows: 





Ingredient 


Parts by Weight 


10 


aliphatic urethane acrylate oligomer with saturated hydrocarbon backbone (A) 


54.00 




lauryl acrylate (B) 


14.00 




hydroxycyclohexylphenyl ketone photoinitiator (C) 


6.00 




octadecyl-3-mercaptopropionate chain transfer agent (H)* 


4.00 


15 


octadecyl-S^'.S'-di-tert-butyl-^-hydroxy phenyl) propionate stabilizer (E)* 


1.50 




gamma-methacryloxypropyl trimethoxysilane adhesion promoter (F)* 


1.00 




polypropylene glycol nonylphenytether acrylate (G) 


19.50 



20 

The viscosity of the uncured coating was 3.75 Pas (3750 cps) (at 25°C using a Brookfield viscometer, model LVT, 
6 rpm, #34 spindle). 

When coated on a glass sheet at 0.152 mm (6 mils) and cured as in previous Examples, the coating adhered well 
under high humidity conditions but cured much slower than the coating of Example I. Similar formulations can be pre- 
25 pared that have much more rapid rates of cure, by substituting acrylated silanes for the methacrylated silane used in 
this Example. 

The cured primary coating which resulted had a glass transition temperature of about -39.4°C, a tensile modulus 
of 1.07 MPa (155.5 psi), and a cured film refractive index of 1.492. The cure speed was determined to be 0.5 J/cm 2 , 
and the water absorption was 1 .40%, both being determined according to the methods of Example I. 
30 Weight change, glass transition temperature and Instron (tensile) modulus change were measured under the same 
conditions as in Example I and recorded to be as follows. Again, excellent hydrolytic and thermal stability was observed. 
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125°C, 7 days 


93.3°C, 10 days 


93.3°C. 30 days 


93.3°C, 95% rela- 
tive humidity, 1 0 
days 


93.3°C, 95% rela- 
tive humidity, 30 
days 




weight change 


-7.94% 


-6.84% 


-7.19% 


-1.97% 


-1.58% 




Tg midpoint 


-35.9°C 


-36.1°C 


-35.5°C 


-35.7°C 


-36.4°C 


40 


Instron tensile 
modulus change 
(at 25°C) 


+33.8% 


+36.1% 


+36.0% 


+20.1% 


+10.9% 



45 CONCLUSION 

Optical glass fibers coated with the primary and secondary coatings of the present invention have been designed 
to possess several important qualities rendering the coated fibers useful for many applications and particularly suitable 
in local area networks for f iber-to-the-home uses. 
so It has now been discovered that virtually any chemistry which is capable of reacting together certain specific func- 
tional backbones and which does not adversely effect the properties of the composition when cured, may be used to 
formulate a composition possessing these qualities. 

The primary coatings, when cured, possess a refractive index greater than that of the underlying fiber (i.e., about 
1.48), a tensile modulus of less than about 3.45 MPa (500 psi) and a glass transition temperature of less than about - 
55 20°C. and preferably less than about -30°C. The primary coatings are sufficiently hydrophobic to resist moisture pene- 
tration and consequent hydrolysis of the underlying optical fibers; have a sufficiently low tensile modulus to cushion and 
protect the fibers; and a sufficiently low glass transition temperature in the use range of the fibers. 

The primary coatings have suitable viscosities for coating and, when cured, contain minimal quantities of unbound 
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reactants (volatiles) and have good shelf life characteristics. 

The present invention permits the production of coating formulations meeting these criteria, and the manufacture 
of coated optical fibers well suited for use in f iber-to-the-home applications, though there are many uses for coatings 
that are prepared in accordance with the invention, that do not have to meet the stringent requirements imposed on opti- 
5 cal fiber coatings. 

It has now been discovered that an optimized composition can be formulated having the above properties by using 
the backbones of the components described herein and in the parent application, but that any end groups capable of 
reacting, via free radical initiation, cationic cure or other method, may be employed. It was also discovered that, in con- 
nection with the present invention, a coating formulated in the absence of a silane adhesion promoter and a refractive 
10 index modifier, and, in some cases, a photoinitiator, all believed in the parent application to be essential in all embodi- 
ments, could in some instances be satisfactory. 

Thus, useful coatings for many purposes may be formulated, the primary coating comprising: 

(A) from 10% to 90% by weight of a reactively terminated urethane oligomer which is the reaction product of (i) a 
is hydrocarbon polyol, the hydrocarbon portion of which is from 500 to 4,000 molecular weight; (ii) an aliphatic 

polyisocyanate; and (iii) an endcapping monomer capable of supplying a reactive terminus; 

(B) from 10% to 90% by weight of a hydrocarbon monomer containing from 6 to 20 carbon atoms which is termi- 
nated with at least one end group capable of reacting with the reactive terminus of (A); 

(C) optionally, from 0.5% to 1 0.0% by weight of photoinitiator; and 

20 (Q) from 5% to 60% by weight of a monomer or oligomer selected from the group consisting of polyalkylene glycol 
nonylphenyl ether acrylates, polyalkylene glycol nonylphenyl ether methacrylates, and mixtures thereof, 
all of the stated percentages are percentages by weight based on the total weight of (A), (B) and (C), 
wherein the coating, when cured, has a refractive index of 1 .48 or higher 

25 with one or more of the following optional components: 

(D) a crosslinking agent capable of helping to coreact multifunctional systems; 

(E) a stabilizer or antioxidant that imparts added shelf life and storage stability to the coating composition; 

(F) an organofunctional silane adhesion promoter capable of preventing delamination under conditions of high 
30 humidity and high temperature; and 

(H) a mercapto functional chain transfer agent. 

The combination of (B) and (C) with (A) has the effect of producing a coating of mutually compatible ingredients, 
that is radiation-curable. 

35 In preferred embodiments, the (A) component may be acrylate, thiol or vinyl ether terminated. 

The composition may be, in one embodiment, used as a primary coating for an optical fiber, the coating having a 
cured tensile modulus of less than 3.45 MPa (500 psi) (at room temperature, based on a 0.152mm (6 mil) thick film). 

In other embodiments, compositions of this kind can be formulated to be useful as interlayers for laminated safety 
glass, and as coatings for electronic devices such as photocells and photoswitches, for example. 

40 

Claims 

1 . A radiation-curable coating for the surface of an optically useful article comprising 

45 (A) from 10% to 90% by weight of a reactively terminated urethane oligomer which is the reaction product of (i) 

a hydrocarbon polyol, the hydrocarbon portion of which is from 500 to 4,000 molecular weight; (ii) an aliphatic 
polyisocyanate; and (iii) an endcapping monomer capable of supplying a reactive terminus; 
(B) from 10% to 90% by weight of a hydrocarbon monomer containing from 6 to 20 carbon atoms which is ter- 
minated with at least one end group capable of reacting with the reactive terminus of (A) ; 

so (C) optionally, from 0.05% to 10.0% by weight of photoinitiator; and 

(G) from 5% to 60% by weight of a monomer or oligomer selected from the group consisting of polyalkylene 
glycol nonylphenyl ether acrylates. polyalkylene glycol nonylphenyl ether methacrylates, and mixtures thereof, 
all of the stated percentages are percentages by weight based on the total weight of (A), (B) and (C), 
wherein the coating, when cured, has a refractive index of 1 .48 or higher. 

55 

2. A radiation-curable coating according to claim 1 , wherein said oligomer (A) is characterised by the formula 



17 



EP 0 565 798 B1 



XOCNHR 2 NHCOR 1 OCNHR 2 NHCOQ 
i\ ti i\ i\ 

0 0 0 o 



where 

10 R 1 is a linear or branched hydrocarbon polymer of from 500 to 4,000 molecular weight selected from the group 

consisting of fully or partially hydrogenated 1 ,2-polybutadiene; 1 ,2-polybutadiene hydrogenated to an iodine 
number of from 9 to 21 ; fully or partially hydrogenated polyisobutylene; polybutene polyol; and hydrogenated 
dimer diol; 

R 2 is a linear, branched or cyclic alkylene of from six to twenty carbon atoms; and 
is X and Q are independently either 

(a) a radical of the formula: 



20 



25 




wherein R 5 is selected from the group consisting of acrylic, methacrylic, vinylic, allylic, itaconic, crotonic, 
styrenic, acrylamide, norbornenyl, acetylenic, epoxy, mercapto and amino; R 3 and R 4 are independently 
30 hydrogen, methyl, ethyl or propyl; m is an integer from 1 to 10; and p is either zero or one, 

or 

(b) a saturated alkyl radical of from nine to twenty carbon atoms, with the proviso that said oligomer must 
possess at least one reactive terminal group. 

35 3. A radiation-curable coating according to claim 1 or claim 2, wherein said monomer (B) is selected from the group 
consisting of hexyl acrylate; hexyl methacrylate; 2-ethylhexyl acrylate; 2-ethylhexyl methacrylate; octyl acrylate; 
octyl methacrylate; isooctyl acrylate; isooctyl methacrylate; decyl acrylate; decyl methacrylate; isodecyl acrylate; 
isodecyl methacrylate; lauryf acrylate; lauryl methacrylate; stearyl acrylate; stearyl methacrylate; C 14 -C l5 hydro- 
carbon did diacrylates; C 14 -C 15 hydrocarbon diol dimethacrylates; tridecyl acrylate; tridecyl methacrylate; palmitic 

40 acrylate; palmitic methacrylate; 1,10-decane dithiol; hexanediol divinyl ether; mercaptoacetate esters; mercapto- 
propionate esters; lauryl vinyl ether; ethylhexylvinyl ether; isodecyl vinyl ether; butanediol divinyl ether; cyclohex- 
anedimethanol divinyl ether; C 14 .C 15 diol divinyl ethers; and mixtures thereof. 

4. A radiation-curable coating according to any one of claims 1 to 3, additionally comprising from 1 .0% to 50.0% by 
45 weight, based on total weight of (A), (B) and (C), of a crosslinking agent (D). 

5. A radiation-curable coating according to claim 4, wherein said crosslinking agent (D) is trimethyiol ethane trivinyl 
ether. 

so 6. A radiation-curable coating according to any one of claims 1 to 5, additionally comprising from 0.0001% to 3.0% by 
weight, based on total weight of (A), (B) and (C), of a stabiliser (E). 

7. A radiation-curable coating according to claim 6, wherein said stabiliser (E) is selected from the group consisting 
of diethyl hydroxylamine; organic phosphites; hindered phenols; trihexylamine; octadecyl-S-^.S'-di-tert-butyW- 
55 hydroxy phenyl) propionate; thiodi ethylene bis (3,5-di-tert-butyl-4-hydroxy) hydrocinnamate; butylated paracresol- 
dicyclopentadiene copolymer; tetrakis [methylene (3 t 5-di-tert-butyl-4-hydroxyhydrodnnamate)] methane; 3-amino- 
propyltrimethoxy silane; and mixtures thereof. 
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8. A radiation-curable coating according to any one of claims 1 to 7, additionally comprising from 0.1% to 3.0% by 
weight, based on total weight of (A), (B) and (C), of an organofu notional silane adhesion promoter (F). 

9. A radiation-curable coating according to any one of claims 1 to 8. wherein said photoinitiator (C) is selected from 
the group consisting of hydroxylmethylphenyl propanone; hydroxycydohexylphenyt ketone; dimethoxyphenyl ace- 
tophenone; 2-methyl-1 ,4-(methyl thio) phenyl-2-morpholi no-propane- 1 ; 1 -(4-isopropyl-phenyl)-2-hydroxy-2-methyl- 
propan-1 -one; 1 -(4-dodecylphenyl)-2-hydroxy-2-methylpropan-1 -one; 4-(2-hydroxyethoxy)phenyl-2(2-hydroxy-2- 
propyl)ketone;diethoxyacetophenone; 2,2-di-sec-butoxyacetophenone; diethoxyphenyl acetophenone; (4-octyloxy- 
phenyl) phenyl iodonium hexafluoro antimonate; (4-octyloxyphenyl) diphenyl sulfonium hexafluoro antimonate; (4- 
decyloxyphenyl) phenyl iodonium hexafluoro antimonate; 

(4-octadecyloxyphenyl) phenyl iodonium hexafluoro antimonate; and mixtures thereof. 

10. A radiation-curable coating according to any one of claims 1 to 9, additionally comprising from 0.1 % to 10% by 
weight, based on total weight of (A), (B) and (C), of a mercapto functional chain transfer agent (H). 

1 1 . A radiation-curable coating according to any one of claims 1 to 1 0, which is a primary coating for an optical fiber. 

12. A radiation-curable coating according to claim 1 , which is a primary coating for an optical f toer, wherein the follow- 
ing components are present: 

(A) from 30% to 70% by weight of an aliphatic vinyl ether urethane oligomer having as a backbone a hydrogen- 
ated 1 ,2-polybutadiene polymer; 

(B) from 1 0% to 40% by weight of 1 , 1 0-decane dithiol ; 

(C) from 2% to 10% by weight of hydroxy methyl phenyl propanone photoinitiator; 

(D) from 1% to 20% by weight of trimethylol ethane trivinyl ether crosslinking agent; and 

(E) from 0.001% to 0.1% by weight of diethyl hydroxyl amine stabiliser, 

and wherein all of the stated percentages are percentages by weight based upon total weight of (A), (B) and (C). 

13. A radiation-curable coating according to claim 1, which is a primary coating for an optical fiber, wherein the follow- 
ing components are present: 

(A) from 20% to 80% by weight of an aliphatic vinyl ether-terminated urethane oligomer having as a backbone 
an hydrogenated 1 ,2-polybutadiene polymer; 

(B) from 1 0% to 80% by weight of hexanediol di vinyl ether; and 

(C) from 0.05% to 5.0% by weight of (4-octyloxyphenyl) phenyl iodonium hexafluoro antimonate cationic cure 
initiator, 

and wherein all of the stated percentages are percentages by weight based upon total weight of (A), (B) and (C). 

14. A coated optical fiber comprising an optical fiber and a primary coating layer according to any one of claims 1 to 13. 

15. A coated optical fiber according to claim 14, wherein said primary coating layer was radiation cured subsequent to 
application on said glass fiber. 

16. A coated optical fiber according to claim 14 wherein said coating layer is formed from reactively terminated mate- 
rials that are radiation-curable and that are radiation-cured in situ . 

1 7. A process for preparing a coated optical fiber comprising 

(i) applying to an optical fiber a primary coating layer comprising a composition according to any one of claims 
1 to 13; and 
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(ii) applying atop said primary coating layer a secondary coating layer; and 

(iii) radiation-curing in situ said primary and secondary coating layers. 
18. A process according to claim 1 7, wherein the primary coating layer comprises 

(A) from 45% to 65% by weight of an aliphatic urethane acrylate oligomer having as a backbone an hydrogen- 
ated 1,2-polybutadiene polymer; 

(B) from 10% to 20% by weight of lauryl acrylate; 

(C) from 15% to 30% by weight of polypropylene glycol nonylphenyl ether acrylate; 

(D) from 0.3% to 1 .0% by weight of gamma mercaptopropyl trimethoxy silane adhesion promoter; and 

(E) from 2.0% to 7.0% by weight of hydroxycyclohexylphenyl ketone photoinitiator, 

wherein all of the stated percentages are percentages by weight based upon total weight of (A), (B) and (C). 
Patentanspruche 

1 . Strahlungshartbarer Uberzug fur die Oberf lache eines fur optische Zwecke geeigneten Gegenstandes, umfassend 

(A) 10 bis 90 Gew.-% eines reaktiv terminierten Urethanoligomers, das das Reakbonsprodukt ist von (i) einem 
Kohlenwasserstoffpolyol, wobei der Kbhlenwasserstoffanteil davon ein Molekulargewicht von 500 bis 4 000 
aufweist, (ii) einem aliphatischen Polyisocyanat und (iii) einem Endkappenmonomer, das in der Lage ist, einen 
reaktiven Terminus bereitzustellen, 

(B) 10 bis 90 Gew.-% eines Kohlenwasserstoffmonomers. enthaltend 6 bis 20 Kohlenstoffatome, das mit min- 
destens einer Endgruppe terminiert ist, die mit dem reaktiven Terminus von (A) reagieren kann. 

(C) gegebenenfalls 0,05 bis 10,0 Gew.-% eines Photoinitiators, und 

(G) 5 bis 60 Gew.-% eines Monomers oder Oligomers, ausgewShlt aus der Gruppe, bestehend aus Polyalky- 
lenglykol-nonylphenyletheracrylaten, Polyalkylenglykol-nonylphenylethermethacrylaten und Gemischen 
davon, 

wobei alle angegebenen Prozentsatze Gewichtsprozent sind, bezogen auf das Gesamtgewicht von (A), (B) 
und(C), 

wobei der Uberzug, wenn er gehdrtet ist, einen Brechungsindex von 1 ,48 Oder mehr aufweist. 

2. Strahlungshartbarer Uberzug nach Anspruch 1 , wobei das Oligomer (A) charakterisiert ist durch die Formel 

XOCNHR 2 NHCOR 1 OCNHR 2 NHCOQ 
\\ M it t\ 

O O O O 



wobei 

R 1 ein lineares Oder verzweigtes Kohl enwasserstoff polymer mit einem Molekulargewicht von 500 bis 4 000 ist, 
ausgewahlt aus der Gruppe, bestehend aus vollstandig oder teilweise hydriertem 1 ,2-Polybutadien; 1 ,2-Poly- 
butadien, das bis zu einer lodzahl von 9 bis 21 hydriert ist; vollstandig Oder teilweise hydriertem Polyisobutylen; 
Polybutenpolyol und hydriertem dimeren Diol; 

R 2 ein lineares, verzweigtes oder cyclisches Alkylen mit sechs bis zwanzig Kohlenstoffatomen ist, und 
X und Q unabhangig 

entweder (a) ein Rest der Formel: 



20 



EP 0 565 798 B1 




sind, wobei R 5 ausgewahlt ist aus der Gruppe, bestehend aus Acryl, Methacryi, Vinyl, Allyl, ttaconyl, Cro- 
tonyl, Styryl, Acryiamid, Norbornenyl, Acetylenyl, Epoxy, Mercapto und Amino, R 3 und R 4 unabhangig 
Wasserstoff, Methyl, Ethyl Oder Propyl sind, m eine ganze Zahl von 1 bis 10 ist und p entweder null Oder 
eins ist, Oder 

(b) ein gesattigter Alkylrest mit neun bis zwanzig Kohlenstoffatomen sind, mit der MaBgabe, daB das Oli- 
gomer mindestens eine reaktive terminale Gruppe enthatten mu3. 

3. Strahlungshartbarer Gberzug nach Anspruch 1 oder 2, wobei das Monomer (B) ausgewahlt ist aus der Gruppe, 
bestehend aus Hexyl-acrylat, Hexyl-methacrylat, 2-Ethylhexyl-acrylat, 2-Ethylhexyl-methacrylat, Octyl-acrylat, 
Octyl-methacryiat, Isooctyl-acrylat, Isooctyl-methacrylat, Decyl-acryiat, Decyl-methacrylat, Isodecyl-acrylat, Isode- 
cyl-methacrylat, Lauryl-acrylat, Lauryl-methacrylat, Stearyl-acrylat, Stearyl-methacrytat, C^-Cts-Kohlenwasser- 
stoff-diol-diacrylaten, C 14 -C 15 -Kohlenwasserstoff-diol-dimethacrylaten, Tridecyl-acrylat, Tridecyl-methacrylat, 
Palmityl-acrylat, Palmityl-methacrylat, 1,10-Decan-dithiol, Hexan-diol-divinylether, Mercaptcacetat-estern, Mer- 
captopropionat-estern, Lauryl-vinyl-ether, Ethylhexyfvinyl-ether, Isodecyl-vinyl-ether, Butandiol-divinyl -ether, 
Cyclohexandimethanol-divinyl-ether, C 14 -C 15 -Diol-divinyl-ethem und Gemischen davon. 

4. Strahlungshartbarer Gberzug nach einem der Anspruche 1 bis 3, enthaltend zusatzlich 1 ,0 bis 50,0 Gew.-%, bezo- 
gen auf das Gesamtgewicht von (A), (B) und (C), eines Vernetzungsmittels (D). 

5. Strahlungshartbarer Gberzug nach Anspruch 4, wobei das Vernetzungsmittel (D) Trimethylol-ethan-tri vinyl-ether 
ist. 

6. Strahlungshartbarer Gberzug nach einem der Anspruche 1 bis 5, umfassend zusatzlich 0,0001 bis 3,0 Gew.-%, 
bezogen auf das Gesamtgewicht von (A), (B) und (C), eines Stabilisators (E). 

7. Strahlungshartbarer Gberzug nach Anspruch 6, wobei der Stabilisator (E) ausgewahlt ist aus der Gruppe, beste- 
hend aus Diethylhydroxylamin, organischen Phosphiten, gehinderten Phenolen, Trihexylamin, Octadecyl-3-(3',5'- 
di-tert-butyl-4'-hydroxy-phenyl)-propionat, Thiodiethylen-bis-(3,5-di-tert-butyl-4-hydroxy)hydrocinnamat, butylier- 
tem p-Kresoldicyclopentadien-Copolymer, Tetrakis-[methylen-(3,5-di-tei1-butyl-4-hydroxyhydrodnnamat)]met^ 
3-Aminopropyitrimethoxysilan und Gemischen davon. 

8. Strahlungshartbarer Gberzug nach einem der Anspruche 1 bis 7, enthaltend zusatzlich 0,1 bis 3,0 Gew.«%, bezo- 
gen auf das Gesamtgewicht von (A), (B) und (C). eines organofunktionellen Silan-Haftverstarkers (F). 

9. Strahlungshartbarer Gberzug nach einem der Anspruche 1 bis 8, wobei der Photointtiator (C) ausgewahlt ist aus 
der Gruppe, bestehend aus Hydroxylmethylphenyl-propanon, Hydroxycyclohexylphenylketon, Dimethoxyphenyla- 
cetophenon, 2-Methyl-1 ,4-(methylthio)-phenyl-2-morpholinopropan-1 ; 1-(4-lsopropyl-phenyl)-2-hydroxy-2-methyl- 
propan-1 -on; 1 -(4-Dodecylphenyl)-2-hydroxy-2-methylpropan-1 -on; 4-(2-Hydroxyethoxy)phenyl-2(2-hydroxy-2- 
propyl)keton; Diethoxyacetophenon; 2,2-Di-sec-butoxyacetophenon; Diethoxyphenylacetophenon; (4-Octyloxy- 
phenyl)phenyl-iodonium-hexafluor-antimonat; (4-Octyloxyphenyl)-diphenyl-sulfonium-hexafluorantimonat; (4- 
Decyloxyphenyl)phenyi-iodonium-hexafluor-antimonat; (4-Octadecyloxypheny1)-phenyl-iodonium-hexafluor-anti- 
monat und Gemischen davon. 

10. Strahlungshartbarer Gberzug nach einem der Anspruche 1 bis 9, enthaltend zusatzlich 0,1 bis 10 Gew.-%, bezo- 
gen auf das Gesamtgewicht von (A), (B) und (C), eines mercaptofunktionellen KettenObertragungsmittels (H) 
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11. Strahlungshartbarer Uberzug nach einem der AnsprQche 1 bis 10, der ein erster Uberzug for eine optische Faser 
ist. 

12. Strahlungshartbarer Uberzug nach Anspruch 1, der ein erster Uberzug fQr eine optische Faser ist, wobei die fol- 
genden Bestandteile vorhanden sind: 

(A) 30 bis 70 Gew.-% eines aliphatischen Vinyletherurethan-Oligomers mit einem hydrierten 1 ,2-Polybutadien- 
polymer als Hauptkette, 

(B) 10 bis 40 Gew.-% 1 ,10-Decan-dithiol, 

(C) 2 bis 10 Gew.-% Hydroxymethylphenylpropanon-Photoinitiator, 

(D) 1 bis 20 Gew.-% Trimethylolethantrivinylether-Vernetzungsmittel, und 

(E) 0,001 bis 0,1 Gew.-% Diethyihydroxylamin-Stabilisator, und wobei alle angegebenen Prozentsatze 
Gewichtsprozerrt sind, bezogen auf das Gesamtgewicht von (A), (B) und (C). 

13. Strahlungshartbarer Uberzug nach Anspruch 1, der ein erster Uberzug fur eine optische Faser ist, wobei die fbl- 
genden Bestandteile vorhanden sind: 

(A) 20 bis 80 Gew.-% eines aliphatischen Vinylether-terminierten Urethanoligomers mit einem hydrierten 1,2- 
Polybutadienpolymer als Hauptkette, 

(B) 10 bis 80 Gew.-% Hexandioldivinylether, und 

(C) 0,05 bis 5,0 Gew.-% (4-Octyloxyphenyl)phenyliodoniumhexaf luorantimonat als kationischer Hartungsinitia- 
tor, 

und wobei alle angegebenen Prozerrtsatze Gewichtsprozent sind, bezogen auf das Gesamtgewicht von (A), (B) 
und(C). 

14. Beschichtete optische Faser, umfassend eine optische Faser und eine erste Uberzugsschicht nach einem der 
AnsprQche 1 bis 13. 

15. Beschichtete optische Faser nach Anspruch 14, wobei die erste Uberzugsschicht nach dem Aufbringen auf die 
Glasfaser durch Strahlung gehartet worden ist. 

16. Beschichtete optische Faser nach Anspruch 14, wobei die Uberzugsschicht aus reaktiv terminierten Materialien, 
die strahlungshartbar sind und in situ durch Strahlung gehartet worden sind, gebildet ist. 

17. Verfahren zur Herstellung einer beschichteten optischen Faser, umfassend 

(i) Aufbringen einer ersten Uberzugsschicht, umfassend eine Masse nach einem der AnsprQche 1 bis 13, auf 
eine optische Faser und 

(ii) Aufbringen einer zweiten Oberzugsschicht auf die erste Uberzugsschicht und 

(iii) Strahlungsharten der ersten Uberzugsschicht und der zweiten Oberzugsschicht in situ. 

18. Verfahren nach Anspruch 17, wobei die erste Uberzugsschicht umfaBt: 

(A) 45 bis 65 Gew.-% eines aliphatischen Urethanacrylat-Oligomers mit einem hydrierten 1 ,2-Polybutadienpo- 
lymer als Hauptkette, 

(B) 10 bis 20 Gew.-% Laurylacrylat, 

(C) 15 bis 30 Gew.-% Polypropylenglykolnonylphenyletheracrylat, 
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(D) 0,3 bis 1,0 Gew.-% rMercaptopropyltrimethoxysilan-Haftverstarker und 

(E) 2 t 0 bis 7,0 Gew.-% Hydroxycydohexylphenylketon-Photoinitiator, 

wobei alle angegebenen Prozentsdtze Gewichtsprozent sind, bezogen auf das Gesamtgewicht von (A), (B) und 
(C). 

Revendications 

1 . Rev§tement durcissable par rayonnement pour la surface d'un article optiquement utilisable, comprenant : 

(A) de 10 % & 90 % en poids d'un oligom&re d'ur&hane ayant un groupe terminal r6actif, qui est le produit de 
reaction de (i) un poiyol hydrocarbon^ dont la partie hydrocarbon6e a un poids mol6culaire de 500 k 4 000, (ii) 
un polyisocyanate aliphatique, et (iii) un monomfcre de recouvrement terminal capable de fournir un groupe ter- 
minal apte & r6agir ; 

(B) de 10 % & 90 % en poids d'un monomfcre hydrocarbon^ contenant de 6 & 20 atomes de carbone, qui est 
termini par au moins un groupe terminal capable de rSagir avec le groupe terminal r6actrf de (A); 

(C) 6ventuellement, de 0,05 % & 10,0 % en poids de photo-inrtiateur ; et 

(G) de 5 % & 60 % en poids d'un monom&re ou d'un oligom^re choisi dans I'ensemble constitu6 par les acryla- 
tes d'6ther de nonylph6nyle et de polyalkyteneglycd, les m6thacrylates d'6ther de nonylph6nyle et de polyalk- 
yl&neglycol, et des melanges de ceux-ci, 

tous les pourcentages indiqu6s sont des pourcentages en poids par rapport au poids total de (A), (B) et 

(C). 

le rev§tement & l'6tat durci ayant un indice de refraction de 1 ,48 ou plus. 

2. Rey§tement durcissable par rayonnement selon la revendication 1, dans lequel ledit oligom^re (A) est caract6ris6 
parlaformule 

XOCNHR^HCOR 1 OCNHR 2 NHCOQ 

! II II I 

O OO 0 



R 1 est un pdym^re hydrocarbon^ Iin6aire ou ramrfi6 ayant un poids mol6culaire de 500 & 4000, choisi dans 
I'ensemble constitu6 par un 1 ,2-polybutadfene totalement ou partiellement hydrog6n6, un 1,2-polybutadi6ne 
hydrog6n6 jusqu'& un indice d'iode de 9 & 21, un polyisobutytene totalement ou partiellement hydrog6n§, un 
polybut&ne-polyol et un diol dimgre hydrogen 6 ; 

R 2 est un alkylfcne Iin6aire, ramrfte ou cyclique, ayant de six & vingt atomes de carbone ; et 
X et Q sont ind§pendamment : 

(a) un radical r6pondant & la formule : 




ou R 5 est choisi dans I'ensemble constitu6 par les groupes acryliques, m6thacryliques, vinyliques, allyli- 
ques, itaconiques, crotoniques, styrGniques, acrylamides, norborn6nyles, ac§tyl6niques, 6poxy, mercapto 
et amino ; R 3 et R 4 sont ind^pendamment Thydrog6ne ou un groupe m6thyle, Gthyle ou propyle ; m est un 
nombre entier de 1 £ 1 0 ; et p vaut z£ro ou un, ou 

(b) un radical alkyle satur6 ayant de neuf & vingt atomes de carbone, avec la condition que ledit oligomfcre 
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doive poss6der au moins un groupe terminal apte k reagir. 

3. Rev§tement durcissable par rayonnement selon la revendication 1 ou la revendication 2, dans lequel iedit mono- 
mere (B) est choisi dans I'ensemble constitue par I'acrylate d'hexyle, le methacrylate d'hexyle, I'acrylate de 2-6thyl- 
hexyle, le methacrylate de 2-ethylhexyle, I'acrylate d'octyle, le methacrylate d'octyle, I'acrylate dlsooctyle, le 
methacrylate d'isooctyle, I'acrylate de d6cyle, le methacrylate de decyle, I'acrylate d'isod6cyle. le methacrylate 
d'isodecyle, I'acrylate de lauryle, le methacrylate de lauryle, I'acrylate de stearyle, le methacrylate de stearyle, les 
diacrylates de diols hydrocarbon6s en C 14 -C 15l les dim6thacrylates de diols hydrocarbon6s en C 14 -C 15 , I'acrylate 
de trid6cyle, le methacrylate de trid6cyle, I'acrylate palmitique, le methacrylate palmttique, le 1,10-d6canedithiol, 
I'^ther de divinyle et d'hexanediol, les esters mercapto-acetates, les esters mercaptopropionates, l'6ther de vinyle 
et de lauryle, l'6ther de vinyle et d'ethylhexyle, I'ether de vinyle et d'isodecyle. I'6ther de divinyle et de butane-diol, 
I'^ther de divinyle et de cyclohexanedi methanol, les others de divinyle et de diols en C 14 -C 15 , et des melanges de 
ceux-ci. 

4. Rev§tement durcissable par rayonnement selon I'une quelconque des revendications 1 k 3, comprenant, en outre, 
de 1 ,0 % k 50,0 % en poids. par rapport au poids total de (A), (B) et (C), d'un agent de reticulation (D). 

5. Rev§tement durcissable par rayonnement selon la revendication 4, dans lequel Iedit agent de reticulation (D) est 
I'ether de trivinyle et de trimethyioiethane. 

6. Rev§tement durcissable par rayonnement selon I'une quelconque des revendications 1 k 5, comprenant, en outre, 
de 0,0001 % k 3,0 % en poids, par rapport au poids total de (A), (B) et (C), d'un stabilisant (E). 

7. RevStement durcissable par rayonnement selon la revendication 6, dans lequel Iedit stabilisant (E) est choisi dans 
I'ensemble constitue par la diethylhydroxylamine, les phosphites organiques, les phenols emp§ch6s. la trihexyla- 
mine, le 3-(3',5'-di-tert-butyl-4'-hydroxyph6nyl)propionate d'octad6cyle, le bis(3,5-di-tert-butyl-4-hydroxy)hydrocin- 
namate de thiodiethyiene, un copolymSre butyie de paracresol-dicyclopentadiene, le tetrakisImethyiene-^.S-di- 
tert-butyl-4-hydroxyhydrocinnamate]-m6thane. le 3-aminopropyltrimethoxysilane, et des melanges de ceux-ci. 

8. Rev§tement durcissable par rayonnement selon I'une quelconque des revendications 1 k 7, comprenant, en outre, 
de 0,1 % k 3,0 % en poids, par rapport au poids total de (A), (B) et (C), d'un silane organofonclionnel comme pro- 
mot eur d adhesion (F). 

9. RevStement durcissable par rayonnement selon I'une quelconque des revendications 1 k 8, dans lequel Iedit photo- 
initiateur (C) est choisi dans I'ensemble constitue par I'hydroxymethylphenylpropanone, I'hydroxycyclohexylphenyl- 
cetone, la dimethoxyphenylacetophenone, le2-methyl-1,4-(methylthio)ph6nyl-2-morpholino-propane-1, la 1-(4-iso- 
propylph6nyl)-2-hydroxy-2-m6thyl-propane-1-one, la 1-(4-dodecylphenyl)-2-hydroxy-2-m6thylpropane-1-one, la 4- 
(2-hydroxyethoxy)phenyl-2-(2-hydroxy-2-propyl)c6tone, la diethoxyac6toph6none, la 2,2-di-sec-butoxyac6tophe- 
none, la diethoxyphenylacetophenone, I'hexafluoroantimoniate de (4-octyloxyphenyl)phenyliodonium, I'hexafluo- 
roantimoniate de (4-octyloxyphenyl)diphenylsulfonium, I'hexafluoroantimoniate de (4- 
decyloxyphenyl)phenyliodonium, I'hexaf luoroantimoniate de (4-octadecyloxyphenyl)phenyliodonium, etdes melan- 
ges de ceux-ci. 

1 0. Rev§tement durcissable par rayonnement selon I'une quelconque des revendications 1 k 9, comprenant, en outre, 
de 0,1 % k 1 0 % en poids, par rapport au poids total de (A), (B) et (C), d un agent de transfert de chaTne (H) k fonc- 
tion mercapto. 

1 1 . Revetement durcissable par rayonnement selon I'une quelconque des revendications 1 k 1 0, qui est un rev§tement 
primaire pour une fibre optique. 

12. RevStement durcissable par rayonnement selon la revendication 1, qui est un rev§tement primaire pour une fibre 
optique, dans lequel les composants suivants sont presents : 

(A) de 30 % k 70 % en poids d'un oligomere aliphatique d'ur6thane et d'6ther vinylique, ayant, comme sque- 
lette, un polymere de 1 ,2-polybutadiene hydrog6ne ; 

(B) de 1 0 % k 40 % en poids de 1 . 1 0<l6canedithiol ; 

(C) de 2 % k 10 % en poids d'hydroxymethylphenylpropanone comme photo-initiateur ; 

(D) de 1 % k 20 % en poids d'6ther de trivinyle et de trimethylol ethane comme agent de reticulation ; et 
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(E) de 0,001 % & 0,1 % en poids de di&hylhydroxylamine comme stabitisant, 

et dans lequel tous les pourcentages indiqu6s sont des pourcentages en poids se rapportant au poids total de (A), 
(B)et(C). 

5 

13. Revetement durcissable par rayonnement selon la revendication 1, qui est un revetement primaire pour une fibre 
optique, dans lequel les composants suivants sont presents : 

(A) de 20 % a 80 % en poids d'un oligomere d'urethane aliphatique a terminaison ether vinylique, ayant. 
io comme squelette, un polymere de 1 ,2-butadiene rtydrogene ; 

(B) de 10 % a 80 % en poids d'ether de divinyle et d'hexanediol ; et 

(C) de 0,05 % a 5,0 % en poids d'hexaf luoroantimoniate de (4-octyloxyph6nyl)ph6nyliodonium comme initia- 
teur de durcissement cationique, 

15 et dans lequel tous les pourcentages indiques sont des pourcentages en poids se rapportant au poids total de (A), 
(B)et(C). 

14. Fibre optique revetue comprenant une f tore optique et une couche de revetement primaire selon I'une quelconque 
des revendications 1 a 13. 

20 

15. Fibre optique revetue selon la revendication 14, dans laquelle ladite couche de revetement primaire a ete durcie 
par rayonnement apres son application sur ladite fibre de verre. 

16. Fibre optique rev§tue selon la revendication 14, dans laquelle ladite couche de revetement primaire est form6e a 
25 partir de materiaux ayant des groupes terminaux aptes a reagir. qui sont durcissables par rayonnement et qui sont 

durcis par rayonnement in situ. 

1 7. Procede de preparation d'u he fibre optique revetue, comprenant : 

30 (i) I'application, sur une fibre optique, d'une couche de rev§tement primaire comprenant une composition selon 

Tune quelconque des revendications 1 a 13 ; et 

(ii) I'application d'une couche de revetement secondaire sur ladite couche de revetement primaire ; et 

(iii) le durcissement par rayonnement in situ desdites couches de revfitements primaire et secondaire. 

35 18. Procede selon la revendication 17, dans lequel la couche de revetement primaire comprend : 

(A) de 45 % a 65 % en poids d'un oligomere d'acrylate d'urethane aliphatique ayant, comme squelette, un poly- 
mere de 1 ,2-polybutadiene hydrogene ; 

(B) de 10 % a 20 % en poids d'acrylate de lauryle ; 

40 (C) de 15 % a 30 % en poids d'acrylate d'ether de nonylphenyle et de polypropyldneglycol ; 

(D) de 0,3 % a 1,0 % en poids de gamma-mercaptopropyltrim&hoxysilane comme promoteur d'adh6sion ; et 

(E) de 2,0 % a 7,0 % en poids d'hydroxycyclohexylphenylcetone comme photo-initiateur, 

dans laquelle tous les pourcentages indiques sont des pourcentages en poids se rapportant au poids total de (A), 
45 (B)et(C). 
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